RESPONSE UNDER 37 C.F.R § 1.1 16 Attorney Docket No.: Q97359 

Appln.No.: 10/594,923 

REMARKS 

The Examiner is thanked for conducting a telephone interview on July 6, 201 1 with the 
undersigned. It is believed that the interview helped to further the prosecution by identifying the 
outstanding issues and ways to resolve them. 

Claims 2-5, 12, 13 and 18-21 are pending. 

At page 2 of the Action, claims 2-5, 18 and 19 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by Takayanagi (US 5,945,564). 

At page 2 of the Action, claims 2-5, 19 and 21 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by Yoshida et al (US 5,489,572). 

At page 2 of the Action, claims 2-5, 19 and 21 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by Kuramochi et al (US 5,661,1 1 1). 

At page 3 of the Action, claims 2-5, 19 and 21 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by Tanaka et al (US 5,298,482). 

At page 3 of the Action, claims 12 and 13 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Daisuke et al (JP 53 10657), taken with Takayanagi, Kuramochi et al, and 
Tanaka et al. 

As discussed in the interview, Applicants submit that the above five rejections should be 
withdrawn because the cited references do not enable making the presently claimed ALA 
phosphate salt and, thus do not disclose or render obvious the present invention, either alone or 
in combination. 

In the interview, Applicants explained that none of Takayanagi, Yoshida et al, 
Kuramochi et al and Tanaka et al enables making the presently claimed phosphate compounds, 
and therefore cannot stand against the novelty of the present claims. 
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As already discussed in the Amendment under 37 C.F.R. § 1.111 filed June 23, 2010, 
Takayanagi, while mentioning phosphates of (dideutero)ALA at col. 2, line 61, does not 
disclose any workable process for actually manufacturing the specific ALA phosphates of 
formula (I) of present claim 2. 

As one allegedly suitable reaction, the acidic hydrolysis of compound (C) shown in the 
reaction scheme at col. 3 of Takayanagi is disclosed at col. 4, lines 26-32. However, as can be 
inferred from the disclosure therein, the acid to be used in this acidic hydrolysis must be a strong 
acid, such as HC1, HBr or a strong organic acid such as methane- or p-toluene sulfonic acid. 
Thus, it is clear to one skilled in the art that this acidic hydrolysis cannot be performed with a 
weak acid such as phosphoric acid to obtain the presently claimed phosphate salt. 

A second method for making the compound (I) of Takayanagi is shown in the reaction 
scheme at cols. 4-5. However, it can be seen that for making compound (I) from compound (H) 
in this reaction very vigorous reaction conditions are required, and it would have been clear to 
one skilled in the art that phosphoric acid would not be a suitable reactant in this reaction (col. 6, 
lines 46-57). Also, it is noted that from this reaction only compounds are obtained where the 
ALA derivative does not have a free carboxylic acid group, but rather a carboxyl group esterified 
by a group R 1 . Therefore, this process does not provide a suitable or workable way to obtain the 
presently claimed phosphate salt. 

In view of the above, Takayanagi does not provide an enabling disclosure for making the 
presently claimed phosphate compounds, and therefore cannot stand against the novelty of the 
present claims. 

Yoshida et al, Kuramochi et al and Tanaka et al mention ALA phosphate but do not 
teach a process for making ALA phosphates. Furthermore, no process is disclosed in these 
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references according to which the presently claimed phosphate compounds could be obtained. 
Thus, these references do not provide an enabling disclosure for making the presently claimed 
phosphate compounds. 

In the interview, Applicants also explained that ALA is unstable, as shown by the article, 
Novo, et al, "Chemical instability of 5 -aminolevulinic acid used in the fluorescence diagnosis of 
bladder tumors" (Journal of Photochemistry and Photobiology B: Biology 34 (1996) 143-148), 
and as a result, manufacture of the ALA phosphate salt would not have been routine in the art. 1 
Furthermore, in response to the Examiner's question as to whether Novo et al teaches making the 
claimed ALA phosphate salt, albeit unpurified, Applicants confirm that Novo et al does not 
produce the claimed ALA phosphate. Novo et al describes a method of preparing ALA aqueous 
solutions, but does not teach that ALA phosphates are made. At page 144, 1 st column, 1 st 
paragraph under "Experimental Results," Novo et al discloses "All solutions were buffered using 
a ten-times concentrated Dulbecco's phosphate-buffered saline (Gibco BRL) to obtain the 
phosphate and salts concentrations usually used for biological media (total concentration of 
phosphates, 9.6 mM; . . .)." Dulbecco's phosphate-buffered saline is a phosphate buffer and 
contains a phosphoric acid and salt. However, it is apparent that the salts do not represent an 
ALA salt or an ALA phosphate, but represent the salts of Na, K and the like that constitute 
Dulbecco's phosphate-buffered saline, http://www.dspbio.co.jp/pdf/product/18-604-54.pdf 

The article describes a method of preparing ALA aqueous solutions of pH 5.19, pH 6.31 
and pH 7.44. 



A copy of Novo et al. inadvertently not submitted previously is being submitted herewith, and the 
Examiner is thanked for agreeing to consider Novo et al. after final rejection. 
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Specifically, the ALA hydrochloride (HC1) is dissolved in tenfold concentrated 
Dulbecco's phosphate-buffered saline, and the pH is adjusted with NaOH or HC1. However, 
there is no disclosure on how such components are added in the preparation of the ALA aqueous 
solutions. 

Based on the fact that the pH can be adjusted with HC1, it is highly probable that HC1 is 
used in the preparation of the ALA aqueous solution having a pH of 5.19, which is the solution 
having the lowest pH among the three ALA solutions disclosed. 

As seen from Fig. 3 of Novo et al, ALA is unstable at pH 6.13 or more, and becomes 2,5- 
(P-carboxyethyl)dihydropyrazine (CHPY), then 2,5-(P-carboxyethyl)pyrazine (CRY). 

The only stable solution in Novo et al is the ALA aqueous solution of pH 5.19, which 
contains HC1. The other ALA aqueous solutions also contain HC1 as a counter of ALA in ALA 
hydrochloride. The point is that the ALA aqueous solution of pH 5.19 contains a large amount 
of HC1, compared with the molar amount of ALA. 

The details of the amounts of each component in the ALA aqueous solution of pH 5.19 
are unclear, but the ALA aqueous solution of pH 5.19 contains, other than ALA, a large amount 
of cations, such as Na or K, and a large amount of anions, such as CI, H2PO4 or HPO4. 

However, because the solution is an aqueous solution, there is a higher possibility that 
each ion is free as opposed to forming a salt. Further, even if a salt forms, the salt most probably 
is the salt of HC1, which has the highest acidity and is present in an equivalent amount or more to 
the molar amount of ALA. Also, although there is a lower possibility, the next candidate for salt 
formation is H2PO4. However, this possibility is extremely low. 

Since ALA decomposes at pH 6.31 or more, the manufacture thereof is extremely 
difficult. 



5 



RESPONSE UNDER 37 C.F.R § 1.1 16 Attorney Docket No.: Q97359 

Appln.No.: 10/594,923 

In contrast, according to the present invention, ALA can be obtained by purification 
under specific conditions with ion exchange resin, whereby ALA phosphate is manufactured. 
Nonetheless, should the Examiner have a different view of the teachings of Novo et al, 
Applicants will amend the claims as the Examiner suggested might be helpful, to recite that the 
present salt is "isolated and purified." 

In the interview, Applicants further discussed the evidence that shows that 5- 
aminolevulinic acid phosphate alone was not isolated and purified prior to March 28, 2005, the 
international filing date of the present application; and that 5 -aminolevulinic acid phosphate 
alone was isolated and purified for the first time by the present inventors. Specifically, 
Applicants have searched "pentanoic acid, 5-amino-4-oxo-, phosphate (1:1) (5-aminolevulinic 
acid phosphate)" in the Data Base of CAS (Chemical Abstracts Service: http://www.cas.org/) . 
and as a result, Applicants were able to confirm that the 5-aminolevulinic acid phosphate (ALA 
phosphate) was, for the first time, registered as No. 868074-65-1 on November 15, 2005. 2 

Still further, in the interview Applicants explained that the claimed compounds have 

unexpectedly superior properties. Specifically, the examples of the present specification, 

particularly Examples 3-6 and Comparative Examples 1-3 at pages 18-21, establish that the 

presently claimed ALA phosphates exhibit a reduced smell and improved organoleptic properties 

as compared with the ALA»HC1 known in the art, even when the ALA»HC1 was produced 

according to the same procedure as disclosed in the present specification (using hydrochloric 

acid instead of the phosphoric acid of formula (III)). Applicants maintain that this is a 

significant improvement in product quality, especially in the field of medical compositions, 

2 A copy of the search results inadvertently not submitted previously is being submitted herewith, and 
the Examiner is thanked for agreeing to review the results after final rejection. 
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where a patient can be repulsed by an unpleasant smell and/or taste of a medical composition; 
and this improvement, achieved by the present invention, could not have been foreseen by one 
skilled in the art based on the teachings of the cited prior art. Thus, the claimed ALA phosphate 
has unexpectedly superior properties as compared to the known ALA»HC1. 

In summary, the cited references do not enable making the claimed ALA phosphate. This 
is further supported by Novo et al who teaches that ALA is unstable and by Applicants' search 
results for ALA phosphate. Additionally, the presently claimed ALA phosphate compounds 
have unexpectedly superior properties as compared to the known ALA»HC1. Accordingly, 
reconsideration and withdrawal of all the §§ 1 02(b)/ 1 03(a) rejections based on the cited 
references are respectfully requested. 

At page 4 of the Action, claim 20 is objected to as being dependent upon a rejected base 
claim, but is indicated to be allowable if rewritten in independent form. 

Claim 20 is patentable in its present form because claim 2, from which claim 20 depends, 
is patentable as discussed above. 

Allowance is respectfully requested. If any points remain in issue such as a belief that 
the claims should be amended to recite that the ALA phosphate salt is "isolated and purified," 
the Examiner is kindly requested to contact the undersigned at the telephone number listed 
below. 
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Attorney Docket No.: Q97359 



The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 

/Hui C. Wauters/ 

SUGHRUE MION, PLLC Hui C. Wauters 

Telephone: (202) 293-7060 Registration No. 57,426 

Facsimile: (202) 293-7860 

WASHINGTON DC SUGHRUE/265550 

65565 

Date: August 23, 2011 
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Abstract 

Aqueous solutions of S-atrdnoIevuluiic add (ALA) prepared for intravesical instillation in the framework of a clinical study on the 
fluorescence diagnosis of urothelial bladder cancer were found to be unstable. Tins chemical instability of ALA was studied in aqueous 
solution of 37 °C as a function of concentration. pH and reaction Bmejlur investigations showed that the.reactio.D of £LAJs an irreversible 
process, which yields at least two reaction products In the pH range st»died*(pH lower than 8): the 2,S-C/?-carboxyetliyl)dihydropyraz;ne 
and the 2,5-(/3-carl)oxyethyl)pyrazine. As a result of these studies, the conditions for the preparation of ALA. solutions to be used for 
intravesical instillation wens optimized: solutions of ALA in phospbate-bufferedsaline at a^ontentradon of O.I8 M (3 pj of ALA in 100 ml) 
neutralized to pH S, were prepared and stored on ice until use. Solutions prepared under these conditions were stable and were used for 
fluorescence diagnosis of bladder turnouts with successful results. The effect of the pH and the composition of the urine on the extent of the 
reaction of ALA and on the nature of Its reaction products formed during instillation was investigated by comparing the urine of patients 
before and immediately after instillation of ALA. 

Keywords! Chemical instability; 5-AmIocJevulinlo acid; Fluorescence disgnesit; Bladder tumours; Cancer 



1. Introduction 

5-aminoIevaIimc acid (ALA) has been found to induce 
the formation of photosensitizing concentrations of endoge- 
nous protoporphyrin DC (PPIX) in certain types of cell and 
tissue [1,2]. Becauseofadvantagessuchastissuespecificity, 
rapid clearance of induced photosensitizer and possibility of 
topical administration of ALA-induced PPIX compared with 
exogenous photosensltizers, ALA has been extensively used 
in the last years in both pre-clinical and clinical studies on 
photodynamic therapy (PDT) and fluorescence diagnosis. 

Our group is involved in different clinical studies on pho- 
todynamic therapy and fluorescence diagnosis with ALA- 
induced PPIX, conducted in collaboration with several 
departments of the Medical University in Lfibeck (3,4] . In 
all Ihese clinical studies, ALA is applied to the tissue at high 
concentrations and is usually neutralized to a pH well toler- 
ated by the tissue [5]. During the preparation of aqueous 
solutions of ALA under the conditions used for Instillation 
into the human bladder, the solutions turned from colourless 
to yellow within minutes as they werebuffered to neutral pH, 
Furthermore, the colour of thesoiutions became more intense 
with time and their pH decreased significantly even in the 
presence of a phosphate buffer. These changes revealed the 



occurrence of a chemical reaction of ALA which is not desir- 
able" for clinical application owing to the practical problems 
derived and, more important, owing to the potential toxicity 
of the reaction products and the possible decrease in the 
efficacy of the instillation. Experiments were therefore per- 
formed to study the reaction of ALA in aqueous solution as 
a function of different parameters (pH, concentration, tem- 
perature and time) in order to determine the conditions under 
which ALA is stable, to find out whether die reaction is 
reversible and to characterize the reaction products. 

It is well known that in vivo ALA undergoes an eMymat- 
ically induced dimerization to give porphobilinogen in the 
biosymhetic pathway to haem [6 J, However, in the absence 
of the corresponding enzymes, thesp'ontaneous dimerization 
of ALA yields different cyclic products. Granfck and Man- \ 
sseral! [7] reported the dimeriz ation of ALA to 2,5-(/?-car- 
boxyethyI)dihydropyrazine ('C&PY~)"" ro alkah'ne joMpju / 
Later, Francfc and Strabnann [8] showed that in alkaline" 
solution the condensation of two molecules of ALA leads to 
two products m the ratio of 1:10, the minor produet being 
identified as porphobilinogen and the predominant product 
as the unstable and difficult-to-isolate CHPY. Recently, But- 
ler and George [9] identified three condensation products of 
ALA in aqueous solution depending on the reaction condi- 
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lions: the CHPY, which is formed at moderate pH under 
anaerobic conditions and yields 2£-(/J-carboxyethyl). 
pyrazine (CPY) by aerial oxidation, and pseudo-porphobi- 
Imogen, obtained in strongly alkaline conditions together 
with wedihydropyrazine. Thedala of these workers indicated 
that no porphobilinogen is formed in the non-enzymatic 
cyclic dimerfcation of ALA. 

Theseprevious studies showed that ALA reacts in aqueous 
solution to yield several condensation products. However, 
the controversial results obtained by the different workers 
show the complexity of the reaction of ALA, typical of car- 
bonyl group reactions [10]. The conditions (concentration, 
temperature etc.) necessary for this reaction to take place 
were not investigated, so that the stability range of ALA is 
not yet defined. Furthermore, it must be proved thai the prod- 
ucts of the reaction of ALA after long reaction times (6 h) 
at high temperatures (70-100'C) are thesameas those which 
form in the presence of urine and at much milder conditions, 
e.g. during the instillation into the bladder of patients (l-2h 
at 37 °C). Therefore the reaction of ALA in the presentstudy 
has been investigated in aqueous solution under the latter 
conditions in order to identify the reaction products and to 
estimate the stability of ALA as a function of pH and con- 
centrationduringmetimesrelevantforinstilktion.Thisstudy 
was performed using the UV-visibleabsorption spectroscopy 
technique. 



X Experimental details 

Aqueous solutions of ALA at different pH and concentra- 
tion values were prepared by dissolving the appropriate 
amount of 5-arnitiolevuIinte acid hydrochloride (Merck) in 
bidistilled water and adding NaOH (Merck, p.a.) to obtain 
the required pH. All solutions were bufferedusingaten- times 
concentrated Dulbeeco's phosphate-buffered saline (Gibco 
BRL) to obtain the phosphate and salts concentrations usu- 
ally used for biological media Ctotal concentration of phos- 
phates, 9.6 mM; concentration of additional salts. 0.140 M). 
Saline without bivalent cations was used to avoid the for- 
mation of ALA precipitates in basic media. HC1 (Merck) 
was added if necessary to acidify the solutious of ALA. 
Anaerobic solutions were prepared by bubbling nitrogen in 
'the aqueous solution for 1 h before adding ALA, 

A clinical study on the fluorescence diagnosis of bladder 
tumours (3] was performed on ten patients using solutions 
of ALA prepared under optimized conditions derived from 
the studies in aqueous solution. For the first two patients, 
solutions of ALA at pH 5.5 were used. The good results 
obtained in these cases, i.e. no irritation or damage of the 
bladder tissue and a pronounced fluorescence or ALA- 
indueed PPIX, led to a further decrease in the pH to pH 5.0. 
The concentration of the ALA solutions was 0.18 M in all 
cases and a volume of 50 ml was instilled. The instillation 
time was 1 h for the first two patients aod 2 h for die other 
eight patients. Samples of urine were collected before and 
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immediately after the instillation of ALA into the Madder of 
the patients and were kept on ice until their analyses. Note 
that the samples of urine collected after the instillation of 
ALA (ALA-wine) contained, in addition to the urine pro- 
duced during the instillation, the ALA which was not taken 
up by the bladdercells and the products of the non-enzymatic 
condensation of ALA formed during the instillation. Dilute 
solutions ( 1 / 100) of the urine collected after the instillation 
of ALA were prepared immediately after collection and were 
also kept on ice. The urine collected before the instillation 
wasdauted200timestoallowmerr«asurementoftheabsorp- 
tion spectra. 

pH was measured with a W pH meter (model 521) 
equipped with a combined pH electrode (WTW type B56) . 
Absorption spectra were measured with a UV-visible spec- 
trometer Lambda 14Pfrom Perkin-Ehner. 



3. Results and discussion 

3. 1. Reaction ofS-aminolevuUnic add in aqueous solution 

Stock solutions of ALA at pH 7.3-7.4 and different con- 
centrations (0.005 M, 0.18 M and 0.30 M) were prepared 
ahdkeptat37°C. The two more concentratsdsolutionsturned 
yellow when being neutralized and their pH decreased rap- 
idly. 3 min after preparation, aliquots of the stock solutions 
were taken to obtain S mM dilute solutions of pH 7.3, whose 
absorption spectra are sho.wn in Kg. 1 (a). The spectrum of 
the 5 mM stock (full curve) is identical with the absorption 
spectrum of ALA, whereas the spectra corresponding to the 
0. 1 8 M and 0.30 M stock solutions show a new band at about 
350 nm, as well as changes in the form of the speetrum at 
shorterwaveIcngths.Thesechangesfncolour,pHandabsorp- 
tion spectra of the concentrate stocks reflect the occurrence 
of a chemical reaction of ALA. Furthermore, this reaction is 
largely dependent on the initial concentration of ALA, but it 
cannot be attributed to a simple aggregation process, since 
the spectral changes are permanent after dilution of the con- 
centrated slocks. 

Using the same dilution procedure, the absorption spectra 
of the three samples were measured I h after preparation of 
the stocks (Fig. 1(b) >. After this time interval, the spectrum 
of the 5 mM stocksolution already differs from that of ALA, 
showing analogous changes to the spectra of the concentrated 
solutions after reaction for 3 min, which can be explained as 
above. However, a new band at about 275 nm becomes dis- 
tinct in the spectra corresponding to the concentrated stocks 
after reaction for i h. For a given initial concentration of 
ALA, the ratio of the absorbance at275 run to that at350 nm 
increases with increasingreaetion time, although tbedeerease 
in the concentration of ALA due to the reaction causes a 
decrease in the absorbance at 275 nm and has no effect on 
the absorbance at the 350 nm band. These facts can only be 
interpreted by the contribution of at least two different 
absorbing species to the experimental absorption spectra, so 
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H& 1. Absorption spectra of AlAsolotions (5 rnM; P H7.3) which 
prepared Horn ALA steels of pH 7.3-7.4 at three different concentra! 

lrarn8ly5mM( ),0.18M( }and0.30M{- • •). 

(a) for3minat37°Cand (b) fori hat 37 "C. 

that the absorption band at 275 nm must be due to a second 
productof the reaction of ALA Studying the effect of oxygen 
on the absorption spectra of a reacting solution of ALA 
allowed us to assign these two absorption bands to the reac- 
tion products identified by Butler and George [9L The 
absorption spectrum of a, solution of ALA reacting under 
anaerobic conditions (Ftg-2) shows an intense band at about 
350 nm and a shoulder at the low-wavelength absorption 
band, which must be attributed to the dihydropyrazineCHPY, 
the only product of ALA reaction in the absence of oxygen. 
When a small amount of oxygen was allowed to enter into 
the stock solution, trie-absorption spectrum changed signifi- 
cantly (Fig. 2), decreasing the absorbance at the 350 nm 
band as a new band appears at about 275 nm, as observed for 
the aerated solutions. These facts art perfectly expUcable by 
the oxidation of CHPY to give CPY, so that the concentration 
of CHPY decreases as CPY is formed, this product being 
responsible fortheabsorptionbandat275 nm which increases 
in intensity as the concentration of CPY becomes higher. * 

In addition to the concentration dependence, the occur- 
rence of thereactionof AL A was found to bestrongly depend- 
ent on the pH. When ALA is dissolved in water without 
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adding NaOH, the acid solution obtained (0.3 M; pH 2} is 
stable, showing an absorption spectrum which is invariable 
with time and has no band at wavelengths longer than 320 
nm. The reaction of ALA in the pH range relevant for clinical 
use was studied by preparing stock solutions of ALA of the' 
same concentration (0.18 M) and aifferentpH values (5,2, 
6.3 and 7.4), which were left to react at 37 "C for several 
hours. It was observed that, although the same concentration 
of phosphate buffer was present in all three solutions, the 
acidity of the stock at pH5.2 did not vary during the reaction, 
whereas the pH values of the other two stocks decreased 
significantly, as indicated in Fig. 3(a). Since the absorbances 
of the stock solutions both at 350 nm and at 275 nm were too 
high to be measured, the absorbance of the CHPY was 
detected at 400 nm instead of 350 nm as a function of the 
reaction time (Fig. 3(a)). Dilute solutions (5mM;pH7.3) 
werethuspreparedfromeaclistockatdifferentreactioa times 
• in order to measure the absorbance at 275 nm (Fig. 3(b)). 
Since neither ALA nor CPY absorbs at 400 ran, the absoib- 
snce measured at this wavelength is proportional to the con- 
centration of CHPY formed in the reaction of ALA, The data 
in Pig, 3(a) show tlwt the concentration of CHPY increases 
very rapidly in the first 10-15 min of reaction at any pH, 
indicating that the rate of formation of this product is high. 
However, about ten times more product is formed during mat 
reaction time in the pH 7.4 stocksolution than at pH5.2, and 
two times more than in the stock of pH 6.3. This suggests 
mat the rate of formation of CHPY is strongly dependent on 
the pH and this may be due to the different reactivities of the 
protonated and deprotonated forms of ALA and/or to an 
acid-base catalysis of the reaction. At longer reaction times 
the behaviour of the 400 run absorbance is different for the 
three stock s oiutions. It increases slowly with increasing reac- 
tion time in the solution at pH 5.2, and in contrast decreases 
slightly in the pH 6.3 stock and significantly in the pH 7.4 
stock, These different variations in the concentration of 
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Reaction time / min 
120 180 240 




120 180 240 
Reaction time / min 

Rg, 3. Thus dependence of the reaction of A1A at 37 "C for solutions of 
concentration, 0.18 M aid different initial pH values, (a) Absoibaness at 
400 nmvs, reaction time of ALA stoelcsotatlons of pH 5.19 {•). pH 6.31 
(A.) and pH 7.44 (IW.TRe pHof die stock soludom is indicated at three 
reaction times. e^bswtmnccsw 273 nramoowredforthedlluresolutions 
(5 mM:pH7.3) wKch wereprepnredfrointuosestocksfttdifferenlieaction 



CHPY as a function of reaction time can be explained by the 
fiirther reaction of CHPY to give CPY, whose rate would 



depend on the concentration of CHPY and therefore would 
be higher as the pH of the sfeck increases. The data of the 
275 mn absorbanees (Kg. 3(b)) are iti keeping with this 
interpretation. The rate of increase in the absorbance meas- 
ured as the slope of the curves is ten and 20 times higher for 
the solutions of pH 6.3 and pH 7.4 respectively, than for the 
pH 5.2 stock, lais indicates that the rate of formation of CPY 

increases strongly with inere&iijgja£-p— ■ — 

The potential reversibility of the "reaction of ALA was 
checked by comparing the absorption spectra of two add 
diluted solutions of ALA: one prepared from an acid and 
stable stocksolution and the other &omareactingsiocfc(data 
not shown). These spectra were very different; the former 
coincided with the absorption spectrum of ALA at low pH, 
whereas the latter showed the presence of the reaction prod- 
ucts of ALA. Hence, the reaction of ALA is not reversible by 
acidification. 

The pH dependence of the reaction of ALA can be 
explained on the basis of the acid-base equilibria of this 
aminoacid (Scheme 1). The values of the corresponding 
acidity constants were determined spectraphotometrically 
and ate piST, «4.05±0-05 and p&»8.3±0,I. Uiese values 
indicate that the zwitterionis the major species presentin the 
pHrange between 5 and 7.5, although significant amounts of 
the two other acid-base species exist depending on the acid- 
ity. Thus, at pH 5, about 10% of the molecules of ALA are 
cations whereas, at pH 7.3, about 10% of die ALA molecules 
ore anions. According to these results, a scheme similar to 
that proposed by Butter and George [9] could explain the 
reaction of ALA, where the anion, a species with adeproton- 
atetf amino group; is the only one that is able to react' with 
the ketone group of a neighbouring molecule to yield the 
cyclic dihydropyrazlne (Scheme 1 ) . For the condensation to 
occur,, the amino group of ALA should be deprotonated. This 
explains the strong pH dependence of tie reaction, since the 
concentration of the anion increases with the pH, as shown 
above. Therefore the solutions of ALA are only stable atsuch 
high acidities where the anion does not exist (note that, 
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although at pH 5.2 the concentration of that species is only 
0.07% of the total concentration of ALA, some reaction does 
occur as shown in Fig. 3). Furthermore, as the anion reacts, 
the concentration of protons increases in thesoluttons of ALA 
in order to keep the equilibrium zwitterion-anion (see 
Scheme 1 ), explaining thedecreaseia thepHobserved during 
the reaction of ALA. Independent of the mechanism of fee 
reaction, the study of which is beyond the objectives of this 
work, it can be expected that the condensation of two mole- 
cules will be strongly influenced by the concentration, tem- 
perature and viscosity. Those parameters together with the 
acidity must be optimized and controlled in order to avoid 
the reaction of ALA used in clinical studies of PDT and 



3.2. Reaction ofS-dminolevullnie acid during ins&Ualian 
in the human bladder 

On the basis of our results, conditions for the preparation 
of ALA solutions to be instilled into the bladder of patients 
for the fluorescence diagnosis of bladder tumours were opti- 
mized. Since the concentrations of ALA for clinical use 
should be high enough to induce the accumulation of detect- 
able amounts of FPDC, a minimal concentration of 0.18 M 
(3 g of ALA in 100 ml of phosphate buffer) was used. The 
pH of the solutions was reduced to pH 5, which is near to the 
limit of tolerance of the bladder, since the pH range of human 
urine can vary from 4.8 to 8.4 £11]. Finally,the temperature 
should be controlled by cooling the stocks used for the prep- 
aration of the solution of ALA, preparing the mixture on ice 
and staring the resulting solution at low temperatures. Solu- 
tions of ALA prepared and kept under these conditions were 
stable for several days. 

In order to study the reaction of ALA during instillation in 
• the human bladder, absorption spectra and pHof thepatients' 
urine collected before and immediately after the instillation 
were measured. The pH of urine collected before the instil- 
lation differed significandy among the different patients, 
varying from pH 5.1 to pH7.7. A general decreaseinpH was 
observed in the urine afterthe instillation of ALA. However, 
for those patients whose urine showed a pH higher than 6.5 
before instillation, the pH of the ALA-urine was still higher 
than o*. This means that the urine produced during the instil- 
lation can significantly increase the pH of the solution of 
ALA, thus leading to a higher rate of non-enzymatic conden- 
sation of ALA. 

Difference spectra were obtained by subtraction of the 
absorption spectra of urine collected before the instillation of 
ALA from those of the ALA-urine, previously normalized 
at short wavelengths. Fig. 4(a) shows a typical difference 
spectrum (dotted curve) compared with the absorption spec- 
trum of a dilute solution obtained after reaction for 2 h at 
37 °C of a 3% stock of ALA of pH 6.3 (foil curve), which 
accounts for the reaction in aqueous solution under similar 
conditions (these two spectra have been normalized at 5177 
ma to allow comparison). The similarities between the dif- 




Tig. 4. (a) Absorption spectrum of a dilute aqueous solution of ALA (5 
mKi pH 7.3) prepared from s stock of concentration 0.18 M on* pH 6.31 
( . . . ) , and difference spectrum obtained from the absorption spectra of 
the urine of n patient by substraction of iheipecmim of the urine collected 
before the instillation of ALA Prom that of the ALA-urine (•■•). The 
spectra were normalized at277 nmto allow companion, (b) Plotofareai 
between 250 and 320 nm of the difference spectra obtained at explained 
above vs. pH of the ALA-urine for the patients with 3 h of instillation. 

ferenee spectra and that obtained in aqueous solution suggest 
that the pyrazine CPY is also formed by reaction of ALA in 
urine. The slight differences might be attributed to an effect 
of the medium or to former reaction of the CFY with con- 
stituents of the urine. The accuracy of the difference spectra 
{$ not high enough to detect the absorption of the CHPY. 

The areas between 250 run and 320 nm of those difference 
spectra were determined and a correlation with the pH of the 
ALA-urine was found (Fig. 4(b)). The absorption of the 
reaction product increased with increasing pH. This result 
shows again the necessity to control the pH not only before 
but also during the instillation in order to avoid the non- 
enzymatic reaction of ALA, These variations could be 
avoided by adding a sufficient amount of a suitable buffer to 
the solution of ALA, or by controlling the pH of the urine of 
the patients by means of a suitable diet. 
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